ABSTRACT The effect of thoracentesis on pulmonary gas exchange was studied in 33 patients with unilateral pleural effusions of various causes. Arterial blood gases were measured before thoracentesis and at 20 minutes, two hours, and 24 hours after the procedure. In 13 patients alveolar arterial oxygen gradient (PA-ao), physiological dead space:tidal volume ratio (VD/VT), physiological shunt, and "sanatomical" shunt were also determined before and two hours after thoracentesis. The Pao, showed a significant increase at each time, reaching a maximum at 24 hours (mean (SD) increase f 1 (0.74) kPa; 8-17 (5.57) mm Hg). A concurrent significant decrease of PA-ao, was observed (mean (SD) 1-72 (0.77) kPa; 12-92 (5.78) mm Hg). This was accompanied by a small but significant decrease of "anatomical" shunt (2.4% (1-5%)) and a greater decrease of the physiological shunt (6.5% (4-3%)), while VD/VT did not change. The results are probably due to improved ventilation perfusion relationships with, in particular, an increase in the ventilation of parts of the lung previously poorly ventilated but well perfused.
The effect of thoracentesis on arterial blood oxygenation is controversial; most studies report a decrease in arterial oxygen tension (Pao)'-' and this has been attributed to alteration of ventilation perfusion (VA/ Q) matching. Two of these studies, however, were limited to measuring the changes in Pao, and only Brown et a1' made measurements of the alveolararterial oxygen tension difference (PA-ao,) and of the "anatomical" shunt fraction. The changed VAIQ relationships have been attributed to interstitial oedema occurring when blood flow increases abruptly through previously compressed lung, and to negative pressure in the capillary bed produced by decompression. ' 4 In our experience, decrease of Pao, is not a frequent finding and improvement of the-Pao, is the rule. We have studied changes in the arterial-blood gases immediately after thoracentesis and two and 24 hours later. We have investigated the possible causes of observed changes by measuring the PA-ao, physiological shunt, "anatomical" shunt, and the physiological dead space to tidal volume ratio (VD/ VI).
Methods
We studied 33 patients (21 men and 12 women, mean age 55 years, range 25-75) with unilateral pleural effusions of varied causes. The underlying diseases were: cardiac failure (7 cases), tuberculous pleurisy (7), bacterial pneumonia (6), bronchogenic carcinoma (5), breast cancer (5), metastatic gastric carcinoma (2) , and mesothelioma (1). The mean volume of fluid removed was 1297 (SD 495) ml. Except for the seven cases due to cardiac failure, the effusions were exudates according to the criteria of Light et al.' All patients experienced dyspnoea of varying intensity. Thoracenteses were performed for therapeutic as well as diagnostic purposes. Informed consent was obtained in all cases.
An arterial blood sample was drawn for measurement of Po, Pco,, and pH before thoracentesis in all patients and after the procedure at 20 minutes (16 patients), two hours (25 patients), and 24 hours (12 patients). In 13 of the patients studied at two hours the PA-ao, and the VD/VT were also determined, as well as the&"physiological" shunt and the "anatomical" shunt (see below). In four patients these measurements were repeated at 24 hours.
PLEURAL DRAINAGE
Thoracentesis was performed in the sitting position after local infiltration with lignocaine, by means of an 747 Perpifid, Benlloch, Mareo, Abad, Nauffal 18 gauge needle with an internal diameter of 1l2 mm, quietly through a one way valve (Hans Rudolph, connected to a standard suction machine with dead space 15 ml) into a latex bag of 120 1 capacity. variable suction pressure (Ordisi A-70). After pleu-After the bag had been flushed three times with the ral fluid had been obtained for microbiological, patient's expired gas, the gas was collected for five chemical, and cytological examination drainage was minutes and the volume measured by emptying the continued at a rate of about 50 ml a minute. Drainage bag into a Tissot spirometer. The concentrations of was terminated when no more fluid could be oxygen and carbon dioxide of the expired gas were obtained or when the patient showed discomfort. determined with Beckman OM-11 and LB-2 Within six hours of thoracentesis, a chest radiograph analysers respectively, from which the respiratory was taken to exclude complications such as pneumo-exchange ratio was calculated. The arterial blood thorax or pulmonary oedema.
sample was obtained during the last minute of gas collection over at least six respiratory cycles. The LABORATORY DETERMINATIONS PA-ao2 was calculated with the alveolar air equation
The hospital is at sea level and all the patients were and the VD/VT with the Bohr equation. The physiobreathing room air throughout the procedure. After logical shunt was determined by estimating the end local infiltration with lignocaine the blood samples pulmonary capillary oxygen content from the calcuwere obtained anaerobically from a radial artery lated PAO2 and the haemoglobin concentration and while the patient remained seated. The samples were assuming an arterial venous oxygen content differanalysed in duplicate within 10 minutes by an IL 213-ence of 5 volumes %. The "anatomical" shunt was 227 blood gas analyser. measured after the patient had breathed 100%
For measurement of the PA-ao, and the VD/VT oxygen for 20 minutes.
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When measurements were made two hours after drainage there was a decrease of the physiological shunt in all patients except one, in whom it remained 749 unchanged (table 2). The mean decrease was 6.5% (4.3%) (p < 0.001). The "anatomical" shunt also decreased significantly in these same patients but to a lesser extent (2.4% (1.5%); p < 0.001). The VD/VT showed a minimal decrease in nine patients and a slight increase in three, and did not. change in one; but there was no significant change in the mean value (table 2). In the four patients in whom shunt and VD/ VT were also determined at 24 hours the values were not consistently different from those obtained at two hours (table 2) .
The narrow range of volumes of pleural fluid removed in most patients did not permit us to examine any correlation between the amount of fluid extracted and changes in the functional indices measured.
Discussion
Although the increase of Pao2 observed after thoracentesis was generally modest, it occurred in all except one patient. The increase was evident immediately after the procedure, persisted two hours later, and was even greater at 24 hours. There was a corresponding decrease of the PA-ao2, while the Paco2 showed no consistent changes; so the increase in Pao2 cannot be attributed to hyperventilation. Possibly an effusion has different effects on the distribution of ventilation and of perfusion. After thoracentesis some previously collapsed non-ventilated but perfused alveoli may open, thus reducing the "anatomical" shunt, as was observed in our patients. The matching of ventilation to perfusion might also be improved by the decompression of previously constricted capillaries supplying ventilated alveoli. In this study, however, the latter effect Table 2 Physiological shunt, "anatomical" shunt, and dead space to tidal volume ratio (VDIVT) before and after )  21  27  16  43  18  14  51  18  14  41  22  28   17  47  16  14  45  11  10  41  23  29  14  35  17  12  30  14  12  27  24  17  10  38  17  10  38  16  10  41  25  17  15  46  15  11  41  26  24  17  52  16  11  45  27  28   17  59  17  15  58  28  17  15  32  14  12  38  29  16  10  55  10  8  50  30  28  16  31  16  12  37  31  17  15  52  14  13  50  32  19  15  55  16  14  45  33  18  13  36   14  12  33  Mean  21-9  14-6 44-7 15-4 12-1 43-1 14-7 11-5 37-5 SD 5-3 2-3 9-5 2-1 1-9 7-9 2-9 1-9 5-7 p <0-001 <0-001 NS NS-not significant.
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could have been only trivial since there were no significant changes in VD/VT. On the other hand, some underventilated alveoli with a normal or even increased blood supply might increase their ventilation after thoracentesis, thus improving their matching of ventilation and perfusion and hence the oxygenation of blood leaving these alveoli. This appears to have been the most important mechanism in our patients. The difference observed between the physiological and "anatomical" shunts is attributable to improvement of ventilation perfusion mismatching. A further factor may be an increase of the diffusing capacity of the lung, mainly due to an increase of the available area for gas exchange; but the diffusing capacity did not show any changes in the study reported by Light et al. 6 Our results do not agree with those of some other studies. Karetzky et al' studied 17 patients and concluded that the change in Pao2 one hour after thoracentesis was unpredictable. Brandstetter and Cohen3 in a series of 15 cases found an initial systematic decrease of the Pao,, which had returned to preaspiration values by 24 hours. They attributed these changes to altered capillary permeability, due to a sudden increase of blood flow in the previously collapsed lung or ventilation perfusion abnormalities, or both. On the other hand, Brown et aP observed an increase of Pao2 in five of six patients studied three hours after thoracentesis and no change in the remaining patient. The overall increase was significant. There were no concomitant changes in PA-ao or shunt breathing 100% oxygen. On this basis tAey concluded that no modifications in gas exchange occur during the first hours after thoracentesis.
We cannot explain the discrepancy between our results and those of the above mentioned authors.
The varied underlying diseases of our patients are similar to those of the patients in the other studies and even among patients with effusions of similar cause (such as tuberculosis and transudates due to congestive heart failure) discrepancies still exist. Another important factor varying between different series might be differences in the duration of the effusions at the time of drainage, since it has been reported that there may be increased interstitial capillary permeability3 or an alteration of surfactant synthesis in the compressed lung' that increases with time. We were not able to determine with certainty the duration of effusions in many cases, but the fact that the underlying pathological conditions in our Perpifid, Benlloch, Mareo, Abad, Nauffal patients were similar to those in other series suggests that differences in duration are unlikely to be important. Moreover, the amount of fluid aspirated in our patients was similar to that removed in these other studies. The variability of the results might be due to differences in the way aspiration was performed. In our series, as we pointed out above, we took care to ensure uniform slow withdrawal of the fluid.
The relief of dyspnoea experienced by the patients after drainage cannot be explained completely by the improved oxygenation of the blood, which was. generally modest. It has, moreover, been observed in all reported series regardless of changes of arterial Po2. The mechanism or mechanisms of this subjective improvement remain uncertain. An increase in lung volumes is a constant finding, but may take days or even weeks to develop to a significant degree.' 6 8 9 Immediate changes are usually very modest and highly variable.2 6 Furthermore, no significant changes in expiratory flow rate have been observed. 2 The relief of dyspnoea therefore cannot be adequately explained by changes either in lung volumes or in the mechanics of breathing, but it may be the result of decreased stimulation of lung or chest wall mechanoreceptors or both.
